We characterize a passively carrier envelope phase-stabilized Er:fiber laser frequency comb at 1550 nm. Phase noise of single comb lines over nearly an optical octave is measured via a delayed self-heterodyne beat of a cw clean-up laser. Repetition-rate stabilization achieves a RFreference limited line-width. A lock to a low-noise optical reference shows Hz level out-of-loop line-widths. The measured phase noise is in excellent agreement with the elastic tape model with a fix point at zero frequency. 
Introduction
Optical frequency combs provide the clockwork to bridge between optical (100 THz) and RF (100 MHz) frequencies [1] allowing arbitrary optical frequencies to be measured to an accuracy only limited by the reference signal. A comb spectrum generated from a short-pulse mode-locked laser is completely defined by two parameters: the repetition rate, frep and the carrier envelope offset frequency, fceo. The repetition rate is typically monitored by a photodiode and phase-locked to a low noise reference oscillator. Several methods for stabilizing the carrierenvelope offset, have been demonstrated, but it is also possible to fundamentally remove fceo from the comb output using difference frequency generation (DFG) [1] . Broadening an Er:fiber comb such that the DFG between the furthest parts of the optical spectrum results at 1550 nm allows for a technologically elegant solution [2] .
Experiment and results
We characterize the comb at a wide range of optical frequencies by transferring the properties of a comb line to a cw external cavity diode laser. The cw laser noise properties are then measured by tracking the delayed self-heterodyne beat note [3] . This relatively simple yet versatile characterization method is suitable for a broad range of optical frequencies and is used to characterize our DFG comb over nearly an optical octave. The noise spectra show a 1/f-dependence above 100 kHz following the free-running Er:fiber oscillator noise. The results in Fig.1A are the simultaneously measured noise spectra at 1557 nm (dark), 1162nm (medium),and 852 nm (light gray) rescaled to a fixed carrier frequency of frep=80 MHz Fig.1B . The measured noise at the different show excellent agreement (inset) with the elastic tape model for a DFG comb with a fix point at zero frequency.
